The advent of new technologies such as high definition optical coherence tomography (OCT) has not only provided unprecedented imaging capabilities, but also raised the need to define concepts not yet settled and often confusing such as the vitreomacular traction (VMT) syndrome. While technological advances drive us into the future by clarifying the pathophysiology of many diseases and enabling novel therapeutic options, it is at the same time necessary to review basic disease concepts in addition to definitions and classifications. VMT syndrome is implicated in the pathophysiology of a number of macular disorders, translating into a variety of anatomical and functional consequences underscoring the complexity of the condition. These macular changes are closely related to the VMT configuration and have led to proposing classification of this syndrome based on OCT findings. The size and severity of the remaining vitreomacular attachment may define the specific maculopathy. Focal VMT usually leads to macular hole formation, tractional cystoid macular edema and foveal retinal detachment, while broad VMT is associated with epiretinal membranes, diffuse retinal thickening and impaired foveal depression recovery. Despite similar postoperative visual acuity (VA) in focal and broad VMT subgroups, visual improvement is greater with focal VMT because preoperative VA is frequently lower. Surgical procedures are effective to relieve VMT and improve VA in most eyes; outcomes vary with VMT morphology and the duration of symptoms.
INTRODUCTION
In 1970, Reese et al 1 described an unusual macular condition in which an incomplete posterior vitreous detachment (PVD) exerted traction on the macula and was accompanied by decreased visual acuity (VA). This condition was confirmed, not by imaging studies, such as optical coherence tomography (OCT) which was not available at that time, but through the use of histological studies. Hence, the term vitreomacular traction (VMT) syndrome was coined.
VMT was assumed to be an uncommon entity and not associated with other macular disorders. In the classic form of VMT syndrome, as initially described 1 , the vitreous is separated from the retina throughout the peripheral fundus JOURNAL OF OPHTHALMIC AND VISION RESEARCH 2012; Vol. 7, No. 2 but remains adherent posteriorly, engendering anteroposterior traction on a broad, often dumbbell-shaped region encompassing the macular area and optic nerve several disc areas in size. [2] [3] [4] Spectral domain high definition OCT (HD-OCT) has provided new insight into the understanding of VMT syndrome by providing better evaluation of tractional forces at the vitreoretinal interface, as well as comprehending its relationship with particular macular conditions. [5] [6] [7] Among vitreoretinal interface abnormalities, VMT syndrome is probably one of the conditions which has been significantly improved in terms of pathophysiologic concepts. Nowadays, VMT is believed to be associated with a broad spectrum of maculopathies, including cystoid macular edema (CME), epiretinal membrane (ERM), and macular hole (MH) formation, all attributed to a common etiology. 4, [7] [8] [9] It remains unclear why patients with VMT have distinct maculopathies; a question that like many others is the focus of several recently published studies. 8, [10] [11] [12] [13] [14] [15] Although the pathogenesis of these disorders is not completely understood, 7, 9 OCT has implicated tractional forces as a plausible cause. The recognition of the role of VMT in these macular abnormalities is imperative for diagnosis and appropriate management of affected patients.
THE VITREORETINAl INTERFACE
In order to better understand vitreoretinal interface disorders, it is first essential to comprehend the normal sequence of events during the evolution of PVD.
PVD is characterized by a separation between the posterior vitreous cortex and the internal limiting membrane (ILM) of the retina as a result of a normal physiologic process that occurs invariably with age. Agerelated vitreal changes, such as liquefaction and syneresis, contribute to the development of PVD. It is believed that age-related PVD begins as a shallow, localized separation of the vitreous from the perifoveal retina and slowly progresses over months or years before its completion at the time of vitreopapillary separation.
In many instances, the evolution of PVD occurs spontaneously without the patient ever noting any symptoms. When this process is completed and the posterior vitreous cortex is fully separated from the ILM, symptoms such as flashes and floaters can be the sole complaint. However, in a subset of patients, the tractional effect of early stages of PVD produce or exacerbate a variety of pathologic macular and optic disc features, determined in part by the size and strength of residual vitreoretinal adhesions. 8 
Changes associated with aging in vitreous biochemistry
There are significant structural changes in the aging vitreous that may result in PVD. Total collagen content in the vitreous body does not change after the age of 20 to 30 years. Nevertheless, collagen concentration in the vitreous gel at 70 to 90 years of age, is significantly greater as compared to younger ages. 16 Since total collagen content does not alter, the higher collagen concentration can be explained by a decrease in gel vitreous volume that occurs with aging. In old age, there is advanced liquefaction, thickening and tortuosity of vitreous fibers and collapse of the vitreous body, known as syneresis.
Vitreous syneresis predisposes the eye to PVD, which is a prerequisite but not sufficient alone to precipitate complete PVD. Ultimately progressive vitreous liquefaction in conjunction with progressive age-related weakening of adhesions between the posterior vitreous cortex and the ILM, allow liquid vitreous to dissect a plane between the vitreoretinal interface. 8, 17 Complications of PVD are more likely to arise in eyes where accelerated vitreous liquefaction occurs prior to adequate weakening of vitreoretinal adhesions; for instance, ocular inflammatory diseases, trauma, hereditary vitreoretinal conditions (such as Stickler and Marfan syndromes), retinal vascular diseases, myopia, aphakia, and vitreous hemorrhage, the majority of which are more common in younger [18] [19] [20] When an abnormal PVD process exists, most likely as a result of premature vitreous liquefaction associated with insufficiently weakened vitreoretinal adhesion, vitreoretinal traction exerts force in regions where the posterior hyaloid membrane is firmly attached to the retina, due to extracellular matrix "glue" effect. 21 This stronger adhesion is more significant at several points throughout the fundus where the ILM is thinnest; i.e. at the peripapillary area, along major vessels, at the location of lattice degeneration, enclosed ora bays, retinal tufts, at points of degenerative remodeling or areas of acquired changes such as post inflammatory lesions, at the vitreous base, and mainly at the 500µm foveolar zone and the margin of the 1500µm foveal zone. 8 Persistent vitreoretinal adhesion at such points allows static and dynamic traction forces to act over time. As a consequence, it may induce retinal tags, retinal folds, cystic degeneration, retinoschisis, tractional retinal detachment, avulsion of retinal vessels, vitreous hemorrhage and retinal tears. At the posterior pole, continuous vitreoretinal traction may induce macular lesions, leading to VMT syndrome. 9, 22, 23 
HISTOPATHOlOgy
Since Reese first described and demonstrated vitreomacular adhesions by histopathology, 1 VMT syndrome and idiopathic ERM have often been considered as distinct entities. Although they seem to share some features like epiretinal fibrocellular proliferation, the relationship between these conditions is incompletely defined (Fig. 1) .
Histopathologic examination of VMT specimens obtained during surgery demonstrate a variety of cell types such as fibrous astrocytes, myofibroblasts and fibrocytes. 22, 23 In a similar manner, idiopathic ERM exhibits the growth of comparable cells such as fibrous astrocytes, myofibroblasts, and fibrocytes as well as retinal pigment epithelial (RPE) cells on the surface of the retina mostly following PVD. 23 Astrocytes, myofibroblasts, and fibrocytes predominate in VMT, while RPE cells are commonly found in ERM. These glial cells contribute to the contractile forces in both entities. 9, 24 Recent studies have demonstrated similarities in the anatomical features of VMT and ERM. 10, 22 Chang and co-workers evaluated 6 prominent VMT cases by ultrastructural analysis and found, in all cases, several cell types not usually present in the vitreous cavity, including RPE cells, myofibroblasts and fibrocytes. 10 Most striking was the presence of RPE cells in vitreous specimens, a typical feature of ERM. This is in contrast to previous histopathological studies on VMT showing absence of RPE cells in vitreous samples. The authors explained that previous studies had examined specimens removed from the surface of the retina at the site of vitreoretinal attachment but had not concentrated on the vitreous cone above the retina.
The ophthalmoscopic appearance of some VMT cases can share similarities with idiopathic ERM. Histologically, these eyes have fibrocellular proliferation on the posterior vitreous surface with a composition that may also be found on the retinal surface in idiopathic ERM. The fibrocellular proliferation along retinal and vitreal interfaces in VMT may contribute to the tenacity of vitreoretinal adhesion. 10 PVD is believed to play an important role in the pathogenesis of ERM. Although the majority of ERM cases are associated with complete PVD, ERM has also been observed in conjunction with partial PVD. 25 It has been hypothesized that PVD can create dehiscences in the ILM through which cells can migrate and proliferate on the retinal surface. 23 These cells include fibrous astrocytes, fibrocytes, myofibroblasts and curiously, RPE cells. 23 In addition, ERM outgrowth may be stimulated or facilitated by cortical vitreous remnants on the retinal surface after PVD. These remnants appear to act as a scaffold for cellular proliferation. The corresponding side of the split vitreous cortex forms the outer surface of the cone of detached vitreous. This portion of the vitreoretinal interface may proliferate onto the detached posterior hyaloid face and may also serve as a scaffold for proliferation of cells. These cells and their associated extracellular matrix may enhance the strength of the vitreoretinal adhesion to the fovea, helping to prevent the ordinarily expected complete separation of the vitreous from the macular surface (Fig. 2) . 12 Small mechanical defects in the ILM have been proposed as a means of access for proliferating cells, but this defect does not seem to explain the presence of RPE cells. 10 RPE cells have been shown to undergo epithelial-tomesenchymal transition in vitro, with changes in epithelial cell markers which is one possible explanation for this occurrence. Another interesting possibility involves bone marrowderived progenitor cells; following RPE injury, bone marrow-derived cells migrate into the eye and adopt RPE characteristics. [26] [27] [28] This raises the possibility that cells which are proliferating along the surface of the retina and the back surface of the vitreous cone may also have originated, in part, from bone marrow-derived progenitor cells.
ClINICAl FEATURES
Idiopathic VMT syndrome can occur in either sex, at any age, and has no racial predilection. 4 The incidence seems to be discretely higher in women (up to 65%), which can be attributed to premature vitreous liquefaction and therefore earlier-onset PVD, probably associated with declining estrogen levels in the postmenopausal Figure 2 . Proposed mechanism of ERM proliferation in VMT syndrome based on Chang et al. 10 After partial posterior vitreous detachment, small splits within the ILM may form which allow glial cells to gain access to the superficial retina which acts as a scaffold for ERM proliferation.
2 These cells may also proliferate onto the detached hyaloid face, stongly anchoring the vitreous to the macula. 
JOURNAL

DIAgNOSIS AND ANCIllARy ExAMINATIONS
The diagnosis of VMT syndrome is often difficult to establish clinically. Even with thorough fundus contact lens examination, firm translucent adhesions of the vitreous at the macula may be imperceptible which explains why this condition was considered rare and may remain underdiagnosed. 7 Distinct clinical presentations of VMT have already been described and include macular surface wrinkling, similar in appearance to ERM. 2 Although this syndrome was previously considered infrequent and not correlated with other maculopathies, nowadays VMT is known to be associated with ERM in most cases. In addition, a thickened and taut posterior hyaloid membrane may also be noted in VMT. 10 Tractional CME is a subtle variant of VMT syndrome. It may be present in cases with unifocal vitreo-foveal traction arising from partial PVD. Clinically, it can easily be confused with pseudophakic or uveitic CME. The tractional etiology may manifest with metamorphopsia, however leakage may be absence or minimal on fluorescein angiography. 11 Chronic cystoid macular changes may also be found in broad vitreomacular adhesion, usually associated with ERM and macular thickening. In these cases, capillary leakage may be present, however this is less common than with inflammatory edema. 13 VMT syndrome may clinically resemble MH due to the tractional schisis phenomenon causing focal CME, foveal distortion and subretinal detachment. These cases can be considered as a variant of VMT syndrome, linking it to the progression of MH. 3, 11 OCT and ultrasound data demonstrate that perifoveal vitreous detachment is commonly associated with the earliest stages of idiopathic MH. 30, 31 Dynamic B-scan ultrasonic examination of VMT syndrome may demonstrate the peripherally detached hyaloid with attached hyaloid over the posterior pole, differentiating this syndrome from idiopathic macular pucker in which a complete PVD and Weiss ring is usually present. Ultrasonic B-scan has higher sensitivity and specificity for evaluating the vitreoretinal relationship as compared to stereoscopic slit lamp biomicroscopy, and can be useful in eyes with opaque media, where OCT is not possible, or when OCT devices are not available. 32 In these conditions, combined ultrasonographic studies using 10 and 20 MHz frequencies provide a valid diagnosis of the vitreoretinal interface.
OPTICAl COHERENCE TOMOgRAPHy
OCT was a revolutionary imaging modality in understanding the vitreomacular interface and its advent has led to better comprehending the VMT syndrome. 4, 9, 11 This technique has allowed investigators to study disease processes previously unrecognizable by biomicroscopy in a noninvasive manner. Therefore, OCT has permitted a huge amount of papers to be published that clarify and introduce novel staging schemes for these processes. 8, [10] [11] [12] [13] [14] [15] Although VMT syndrome was considered an isolated pathology in the past, it is now believed to play a contributory role in a wide spectrum of macular disorders including CME, MH, and ERM. 7 In VMT syndrome, the posterior hyaloid space usually appears hyperreflective and thickened on OCT, firmly adherent to the foveal region, causing morphological alterations.
Based on OCT, the pattern of vitreomacular adhesion can be divided into different categories, each with specific macular findings. 33, 34 However, no major classification of VMT syndrome has yet been defined and generally accepted. 34 classified VMT configuration into two patterns; the first group had incomplete vitreous detachment nasally and temporally causing a V-shaped pattern due to persistent attachment at the fovea, the second group had persistent nasal attachment with detachment temporal to the fovea and incomplete posterior hyaloid separation resulting in a J-shaped configuration. These authors also suggested that the specific preoperative OCT pattern of VMT may be useful in predicting postoperative outcomes. The former group fared better postoperatively, with restoration of retinal architecture or improved vision as compared to the latter group. 34 By means of 3-dimensional (3-D) imaging techniques and HD-OCT measurements, there are two main categories for the VMT configuration: focal VMT, where the maximum diameter of vitreomacular attachment is 1500µm or less; and broad VMT, where the maximum diameter of vitreomacular attachment is more than 1500µm. 12 Johnson has recently graded macular complications of the early-stages of PVD into those with adhesions within the 500µm, or around the 1500µm zones. 8 According to this author, VMT syndrome would encompass macular adhesions around 1500µm, while vitreofoveolar traction would be considered a distinct entity with macular adhesions smaller than 500µm.
Although VMT syndrome has distinct but not yet firmly established classification schemes, a basic concept proposed by Spaide and colleagues 14 has been widely accepted; the diameter of the vitreomacular attachment is inversely correlated with macular morbidity and foveal deformation. The narrower the vitreomacular attachment, the greater the force exerted upon the macula, whereas a diffuse vitreomacular adhesion may distribute the tractional force beyond the border of the foveal region. 12 A recent study (Bottós et al, unpublished data) on 36 eyes with idiopathic VMT syndrome proposed high correlation between focal and V-shaped VMT, and also broad and J-shaped forms, except in 3 cases that despite being V-shaped, had broad adhesions. All these 3 cases had common characteristics and evolved in a similar way to eyes with broad vitreal attachment regarding duration of symptoms, associated maculopathies, and initial and final visual functions. Based on these findings, the authors suggest that the classification of VMT syndrome considering the diameter of adhesion, and not its pattern, might better predict anatomical lesions and functional outcomes.
While the amount of tractional forces on the fovea cannot be measured by OCT, the stress acting on it would be expected to increase with decreasing attachment area. Not only excessive strain, but also permanent deformation and plasticity of the foveal structure, beyond its elastic range, may lead to internal damage and mechanical disruption of the macula. With removal of stress, there is complete strain recovery, but anatomical and functional improvement cannot always be achieved. 14 The manifestation of a particular maculopathy may depend on structural integrity of the macula as well as the size and strength of remaining vitreomacular attachments. This explains why some specific macular entities are associated with a particular type of VMT. Bottós et al (unpublished data) found that in focal VMT, CME was the predominant macular change (88.9%), followed by impending and full-thickness MHs (61.1%) and subfoveal detachments (16.6%). On the contrary, in broad VMT cases, diffuse retinal thickening (72.2%) prevailed, largely associated with ERM (94.4%) while only one case showed MH (5.5%). These results suggest that certain types of adhesions are more prevalent in certain disease processes (Fig. 3) .
As the diameter of persistent foveal attachment (associated with perifoveal detachment) is correlated with changes in foveal anatomy, the smaller the area of foveal attachment, the greater the force exerted and the more severe the pathology and anatomical macular abnormalities.
14 This condition of focal adhesion is also known as vitreofoveal traction syndrome, and implies MH and CME formation.
Nowadays, vitreofoveal traction is believed to be important in the pathogenesis of idiopathic MH. Since Gass described the early stages of MH, the development of this condition has been attributed to tangential traction, not to anteroposterior forces. 35, 36 However, this theory is now changing.
In some susceptible patients, there is abnormal and strong vitreomacular adhesion, causing persistent foveal traction with perifoveal detachment associated with the earliest stages of MH. Afterwards, the detachment extends superiorly, increasing tractional forces. A pseudocyst can be formed and may extend through the entire foveal thickness, disturbing outer retinal layers. If this pseudocyst loses its roof (while the posterior hyaloid is still attached), a full-thickness MH is formed, progressing to stage II holes. In addition, defects of inner retinal layers, caused by persistent TVM, allow infiltration of fluid vitreous into the retina, leading to intraretinal cyst formation and enlargement of the hole. When PVD extends temporally and inferiorly, it is associated with stage III holes. Finally, when the posterior hyaloid detaches from the optic disc, the vitreous detachment extends to the extreme periphery and characterizes stage IV MH (Fig. 4) . 37, 38 Hikichi et al 39 reported that complete PVD can prevent MH formation or further deterioration of VA in eyes with full-thickness MHs. This finding also confirms the importance of the anteroposterior traction theory in MH formation. 39 The vitreoretinal relationship in eyes with tractional CME is similar to that seen in eyes with early stages of idiopathic MH.
11 Prominent CME is most commonly associated with focal VMT (88.9%), this is in contrast to broad VMT cases in which CME occurs in only 44.4% of cases and is more diffuse in nature. These observations corroborate the profound influence of narrow adhesions in this subtle variant of VMT which is also called tractional CME (Fig. 5) . This type of CME must be distinguished from that associated with inflammatory disorders, post cataract surgery, retinal vascular diseases or uveitis, which generally exhibit considerable capillary leakage on fluorescein angiography. In distinction, tractional CME (not linked with inflammation) shows only minimal leakage, if any at all.
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It remains unclear why some eyes with vitreofoveal traction progress to MH formation, whereas others exhibit tractional CME without hole formation, even with prolonged follow-up. 
TREATMENT
Many cases of VMT syndrome maintain good VA and mild metamorphopsia, and do not require treatment. Some complete PVD cases can resolve spontaneously, generally with favorable anatomic and functional outcomes comparable to surgical treatment. 40, 41 However, other cases manifest poor VA and progressive macular traction necessitating surgical intervention. Several investigators have reported surgical outcomes in VMT syndrome with improvement of VA occurring in 44% to 78% of cases. the type of vitreous adhesion. 2, 4, 42 Nevertheless, recent studies have shown that specific preoperative OCT patterns in VMT may predict postoperative visual improvement. Shorter duration of symptoms, lower preoperative macular thickness and focal VMT configuration (V-shaped) were associated with better visual outcomes after surgery. 33, 34 On the other hand, partial posterior vitreous detachment temporal to the fovea (J-shaped configuration), in which prominent CME has developed, may result in MH or macular atrophy postoperatively. 34 Despite the successful release of posterior hyaloid traction, signs and symptoms may not always be improved. Generally, patients with focal VMT adhesion and a V-shaped configuration have lower preoperative VA than those with broad adhesions and a J-shaped pattern. It is important to consider that final VA results are similar in both groups, therefore it may be concluded that VA improvement is greater in focal cases (Bottós et al, unpublished data). This may also be a consequence of degenerative macular changes due to the chronic nature of broad VMT leading to a longer duration of symptoms and prolonged macular thickening.
Vitreous surgical techniques include release of both anteroposterior and tangential traction. A "double layer" of preretinal proliferation can be found in VMT. The anterior layer may simply represent a thickened posterior hyaloid. In addition, a double layer of posterior hyaloid may sometimes be present, an anatomical abnormality known as hyaloidoschisis which is more frequently observed in high myopic and diabetic eyes. Deeper, on the surface of the retina, an ERM may be present. Generally, in these cases, the vitreous is tightly anchored to the foveal center, and its separation is extremely difficult, requiring peeling of the ERM prior to vitreofoveal separation.
The use of vital dyes to stain preretinal tissues during vitreoretinal surgery, i.e. chromovitrectomy, allows visualization of thin transparent tissues in the vitreoretinal interface including the ILM, ERM and the posterior vitreous surface. 43, 44 Triamcinolone acetonide (TA) is the gold standard for identification of vitreous. Indocyanine green (ICG), infracyanine green (IFCG) and brilliant blue stains (BriB) are alternative choices for identification of the ILM while trypan blue (TB) is ideal for ERM (Table 1) . 43, 45 TA particles deposit on the vitreous surface. Crystals of this steroid compound adhere to the acellular tissue, creating clear contrast between the empty vitreous cavity and areas where vitreous fibers are still present. 46, 47 When VMT is associated with ERM, chromovitrectomy can facilitate its removal. TB exhibits a strong affinity for ERM because of presence of many dead glial cells within the membrane. TB staining of ERM may minimize mechanical trauma to the retina during ERM removal and allows recognizing the extent of the ERM. 48 It is postulated that ILM removal can minimize the recurrence of ERMs and completely relieve tractional forces on the macular area.
In humans, BriB provides satisfactory ILM staining in an iso-osmolar solution when used during surgery for idiopathic ERM and MH. BriB is emerging as a good alternative to ICG and IFCG in chromovitrectomy because of its remarkable affinity for the ILM, and lack of retinal toxicity as demonstrated by multifocal electroretinograms (ERGs) (Figures 6 and 7) . 45 However, as is often the case in surgical interventions, inherent limitations including cost, complexity, and complications of surgery, can limit its safety, efficacy, and usefulness.
Possible complications associated with vitrectomy for treatment of VMT syndrome include cataract formation, inadvertent ruptures and retinal detachment, iatrogenic macular hole formation, visual field defects, RPE damage and other complications such as glaucoma, endophthalmitis and hypotony which are inherent to many ophthalmic procedures.
A pharmacologic agent that could facilitate the induction of PVD may enable safer and more effective surgical management for many conditions.
Recent studies on "enzymatic vitrectomy" have shown improvement in VA and release of retinal traction without the need for pars plana vitrectomy. 49 Plasmin (a serine protease enzyme) induces PVD, avoids surgically induced trauma, and provides a more uniform retinal surface. This enzyme hydrolyzes laminin and fibronectin, which are both present at the vitreoretinal BSS, balanced salt solution; ERM, epiretinal membrane; ICG, indocyanine green; ILM, internal limiting membrane; RPE, retinal pigment epithelium An alternative approach to autologous plasmin is a recombinant product named microplasmin, which shares the catalytic properties of human plasmin and seems to possess a promising activity profile.
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CONClUSIONS
Introduction and widespread availability of modern technology, HD-OCT for instance, not only promote unprecedented imaging but also raise the need to redefine concepts which are not yet settled and often confusing such as the VMT syndrome.
While technological advances drive us into the future by clarifying the pathophysiology of many diseases and enabling therapeutic progress, it is at the same time necessary to review the basis of these entities in terms of definition and classification.
VMT syndrome is implicated in the pathophysiology of a number of macular disorders, with variable anatomical and functional outcomes underscoring the complexity of the disease. These macular changes are intimately related to the VMT configuration and have led to proposals for classification of this syndrome based on OCT findings.
Moreover, the size and strength of remaining vitreomacular attachment may define the specific maculopathy. Focal VMT usually leads to MH formation, tractional CME and foveal retinal detachment. In contrast broad VMT is widely associated with ERM, diffuse retinal thickening and worse foveal depression recovery. Despite similar postoperative VA in VMT subgroups, improvement is greater in focal cases, since their preoperative VA is usually lower. Surgical procedures are effective in relieving VMT syndrome and improving VA in most eyes. Postoperative outcomes vary with VMT morphology and duration of symptoms. 
